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Pyelonephritis: The role of cell-mediated immunity defined in a
congenitally athymic rat
THOMAS MILLER
Department Ot M(di( i,me, 4 itt klaiid lbs pita). Auckland, Nett' Zealand
Pyelonephritis: Role of cell-mediated immunity defined in a congeni-
tally athymic rat. Thymus-derived lymphocytes (I-cells) have been
shown to be present in the inflammatory infiltrate in renal infection hut
their role in host defense mechanisms has not been defined. Indirect
evidence suggested that T-cells contributed to host protection hut
selective depletion of T-cells did not influence the course of pyelone-
phritis. In the present report, the characteristics of the athymic New
Zealand nude rat (rnunz), which lacks T-lymphocytes. are detailed. This
mutant was then used to assess the effect of an absence of T-cells on the
bacteriological and histopathological features of pyelonephritis. No
significant differences in the bacteriological course of the disease were
found. Apart from fewer lymphocytes in the kidney lesions of nude rats
and a slight lag in the resolution of these lesions, no differences were
observed in the histopathological course either. These observations.
which have analyzed the quantitative relationship between cell-
mediated immunity (CMI) and host resistance to renal infection, have
shown that a gross reduction in CMI does not affect host resistance
once bacteria have gained access to the kidney.
Pyélonéphrite: Role de l'immunité mediation cellulaire défini che on
rat congenitalement athymique. II a été montré que des lymphocytes
d'origine thymique (cellules I) sont presents dans l'infiltrat inflam-
matoire lors d'une infection rénale. mais cur rñle dans es mécanismes
de defense de l'hOte n'ont pas Cté dCfinis. Des preuves indirectes out
suggéré que les cellules T contrihuaient Ia protection de l'hOte nlais
tine dCplétion selective en cellules T n'influencait pas l'évolution de Ia
pyClonCphrite. Dans cc travail. Ics caracteristiques du rat athymique
New Zealand nude (rnuz). gui na pus de lymphocytes T. sont
détaillées. Ce mutant a été utilisé pour preciser l'effet de l'ahsence de
cellules T sur les caracléristiques bacteriologiques et histopathologi-
ques de Ia pvelonCphrite. Aucune difference na été trouvée dans
l'évolution bactériologique tie Ia maladie. De méme. a part des lympho-
cytes moms nombreux dans les lesions rCnales des rats nude et un
discret retard dans Ia resolution de ces lesions, aucune difference na
été observée dans l'évolution histopathologique. Ces observations, gui
ont analyse Ia relation quantitative entre l'immunité a mediation eel-
lulaire (CMI) et Ia résistance de l'hôtc t 'infection rénale. out montré
qu'une reduction importante de CMI n'affecte pas Ia résistance de
l'hOte tine fois que les hactéries out eu accCs au rein.
Considerable interest has been expressed in the role of
thymus-derived lymphocytes ('1-cells) as a celltilar component
of host defense mechanisms against infectious diseases. T-cells
have been shown to participate in host defense mechanisms by
two principal mechanisms. The first is by direct cytotoxic
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activity in which the nhicroorganism. or some essential features
associated with its viability, are destroyed by direct cell-to-cell
contact. In the second mechanism, i-cell involvement is in-
direct in that lymphokines are secreted by [-cells which influ-
ence the antimicrobial activity of the mononuclear phagocytic
cells. Evidence for a role of '[-cells in the containment of
infections with viruses and intracellular microorganisms (such
as Mvcohaclerja. Listeria, and Legionella) is very convincing
Ill, In the case of extracellular microbes, the evidence is
indirect and inferred from observations that hypersensitivity to
some of the anligenic components of' these organisms can be
demonstrated.
One histological feature characteristic of renal infection is the
presence of a lymphocyte (round cell) infiltrate in the intersti-
tium. Reports have suggested that '1-cells are present in the
lvmphocytic infiltrate 12. 31. although their role in the patho-
genesis of the disease has not been discovered. 'Iwo attempts
have been made to define the functional role of '[-cells in renal
infection by selectively depleting 'F-lymphocytes and observing
the effects of this manipulation on the course of the disease 14.
51. The most appropriate test animal, however, is one in which
a congenital lack of the thymtis leads to a total absence of
i-lymphocytes. In the present report we describe the charac-
teristics of such a mutant (the nude rat rnu7) which has been
discovered in New Zealand. In this athymic rat. fevv. if any.
[-lymphocytes can he demonstrated and cell-niediated im-
munity (CMI) is grossly impaired. '[he effects of this selective
absence of CMI on the gross and histopathological character-
istics oI'the lesions in renal infection, as well as the bacteriologi-
cal status of the kidneys, were determined. No differences in
the bacteriological course of the disease nor in the inflammatory
cell infiltrate (apart from a reduction in lymphocyte numbers)
were found 28 days after challenge As well, the resolution of
renal lesions was similar except ftir a slight lag in athymic i'ats
at 14 days after challenge.
Methods
,4nimnals. The athymic nude mutant strain (rnu') rats used in
this study were obtained front a specific pathogen-free onthred
colony maintained in the School of Medicine. Auckland. New
Zealand. These homozygous (rnu17/rnuflz) rats are totally hair-
less and have a nonfunctional thymic anlage 16, 7J. Euthymic
rats from the wild-type outbred Wistar strain from which the
rnu7 mutant was derived. which had normal hair coat and
immtine function, were included in the experiments as controls.
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Adult (>4 months old) animals of both strains were used in
these experiments. Because few nude rats were available for
experimentation, some constraints on each protocol were in-
evitable. For instance, the same animals were used for the
bacterial counts and quantitative gross pathology but were
unavailable for histological examination. Therefore, as the
histological examination was performed at 21 days, bacterio-
logical and lesion examinations were not possible at that time.
Characterization of the rnuz nude mutant rat
Splenic lymphocytes. Spleens were teased in buffered saline
to form a single-cell suspension and the total spleen cells
counted. B-lymphocytes were identified as those cells bearing
surface immunoglobulin (SIg). Goat anti-rat F(ab)2 was pre-
pared and purified by passage through an immunoabsorbent
column of activated rat gammaglobulin. The eluted antiserum
was then labelled with fluorescein isothiocyanate and added to
the spleen cell suspensions. Wet preparations of the cells were
examined for peripheral fluorescence using incident ultraviolet
(UV) microscopy.
T-lymphocytes were identified using the rat T-lymphocyte
surface antigen (Pta) system of Howard and Scott [8] and
Corvalan and Howard [9]. The presence of the surface antigen
Pta A.l on T-cells was determined by an indirect im-
munofluorescence technique in which the splenic lymphocytes
were incubated with Lewis anti-Fischer (anti Pta A.l) serum,
followed by another incubation with fluorescein-conjugated
goat anti-rat F(ab)2. Again, wet preparations were examined
using incident UV microscopy. Both the T- and B-lymphocytes
exhibit peripheral fluorescence after this procedure and the
number of T-cells was determined by subtracting the number of
cells with SIg from the total number of fluorescein-labelled
cells. The details of both of these methods have been published
previously [10].
In vitro analysis of the mitogenic response to T-lymphocyte
specific mitogen (Con A). This method and the reagents used
have been described in detail [101. Briefly, 2.5 x 106 splenic
lymphocytes were cultured in 3 ml of RPMI tissue culture
medium containing 5 p1 of a 0.5 mglml solution of concanavalin
A for each milliliter of culture medium. One microcurie of [3H]
thymidine, 2 Cilmmole, was added to each culture 10 hr before
harvesting. The amount of [3H1 thymidine incorporated into
cellular DNA was determined by liquid scintillation counting.
Graft-versus-host and host-versus-graft responses. The pop-
liteal lymph node weight method for determining the activity of
rat lymphoid cells was carried out as previously described by
Ford, Burr, and Simonsen ill] and Dorsch and Roser [12]. For
the graft-versus-host response, splenic lymphocytes from the
euthymic and athymic adult animals were injected subcutane-
ously into the hind footpads of 4- to 6-week-old Fl progeny of
an Ag-B disparate rat strain. A similar protocol was used for
determining the host-versus-graft response where splenic lym-
phocytes from the F! progeny were introduced into the
footpads of the euthymic or athymic adult animals. In both
protocols, popliteal lymph nodes were removed and weighed 7
and 4 days later, respectively.
Bacterial strain. The Escherichia co/i 075 strain used in these
experiments was the same as that used in our previous studies
of experimental pyelonephritis.
Production of renal infection. Two levels of E. co/i were used
to induce pyelonephritis by the direct inoculation of micro-
organisms into the surgically exposed kidney. The higher
inoculum (5,000 viable organisms) invariably induced lesions
while a lesser inoculum (500 viable bacteria) was used as a
non-lesion inducing challenge. Both challenge levels estab-
lished infection. Details of this animal model of pyelonephritis
have been previously described [131.
Bacterial content of renal tissue. Nutrient agar pour plates of
serial tenfold dilutions of homogenized kidneys were made to
obtain the bacterial count per gram of wet renal tissue.
Quantitative evaluation of gross pathological changes.
Quantitation of the gross pathology was made after direct
challenge with 5000 viable bacteria using a single dimension
normal-kidney paper profile which was divided into ten equal
areas (wedge-shaped). The extent of renal lesions and scarring
was shaded on the kidney profile following direct visual inspec-
tion of the decapsulated kidney. Where lesions existed on both
sides of the kidney, two profiles were used; therefore, in either
case, each division on the profile equaled 5% of the total kidney
surface. The gross pathological changes observed were ex-
pressed as a percentage of the total kidney surface. In addition,
each lesion was graded into one of three types: abscessed
(active), partially resolved, or resolved (scarred). These grades
were combined with the extent of the lesion for presentation.
Histological processing. Tissue samples for histological ex-
amination were placed directly into a 0.1% solution of
cetylpyridinium chloride in 10% formaldehyde. After routine
paraffin processing and cutting at 7 to 10 m, sections were
stained with haematoxylin and eosin (H & E).
Quantitative histological evaluation. Assessment of both the
degree of renal damage and composition of the cellular infiltrate
21 days after a direct challenge with 500 viable bacteria was
made quantitatively from the H & E stained sections cut in the
median sagittal (coronal) plane so as to incorporate the maxi-
mum area of each lesion. The boundaries of each renal lesion
were observed microscopically at a magnification of x 40 and
then transposed from the microscopic field to a stenciled paper
kidney profile by shading the appropriate areas. The paper
profile was cut out, weighed, and then reweighed after the
shaded area representing the damaged tissue had been re-
moved. The area of the lesion was expressed as a percentage of
the total area of the section. A quantitative assessment of the
cellular components of the pyelonephritic lesion was made
microscopically with the aid of an eyepiece graticule at a
magnification of x 400. At this magnification, the graticule
(divided into 100 small squares) covered an area of 0.32 mm2 of
the section, and this whole area was taken as the unit area. A
representative area of each of two lesions per kidney section
was assessed and the mean number of cells per unit lesion area
was determined. Cell counts were done by a "blind" method
where slides were coded and randomized before evaluation. An
extensive pilot experiment confirmed the validity and consist-
ency of this procedure of counting and selection of lesion area.
These cells were differentiated into nuclear remnants from the
renal epithelial and tubular cells, polymorphonuclear
leucocytes, lymphocytes, and mononuclear cells.
Statistical analysis. All results from the characterization of
the nude mutant were subjected to Student's t test; the bacterial
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Table 1. Characteristics of the source (euthymic) and FIIUflZ nude (athymic) rat strains
Characteristic
Source straina
eat hymic
rnu' nude strain
aihymic
Circulating leucocytes, xIO9Iliter: Total
Lymphocytes
Neutrophils
Monocytes
15.6 2.7b
13.3 2.1
1.8 0.9
0.4 0.3
11.3 l.7c
6.6 0.9c
4.1 l.5c
0.4 0.3
Splenic lymphocytes: Total (x107)
T-cells (Pta A.1 +ve) (%)
B-cells (SIg +ve) (%)
'Null cells' (antisera —ye) (%)
14.9 8.2
35 7
45 2
8 6
6.7 3.0w
3 4c
68 6
13 6
Mitogenic response to Con A, %
(100% = 92379 mean dpm/l06 lymphocytes)
100 21 1 0.7
Graft versus host response, % increase
(100% = 21.2 mg mean increase in popliteal lymph node weight)
100 24 2.4 2.3c
Host versus graft response, % increase
(100% = 18.6 mg mean increase in popliteal lymph node weight)
100 14 3.8 4.0c
a Wild-type outbred Wistar rat strain from which the nude mutant arose.
b Range equals SD.
The values designated are significantly different at P < 0.001 by Student's t test.
Individual values: 0, 0, 0, 0, 0, 0, 0, 1, 3, 3, 6, 11, 12.
The same result was obtained after the removal of suppressor cells.
and pathological results were subjected to the Wilcoxon Rank
Sum Test to assess the significance between groups.
Results
Characterization of rnu' nude mutant rat. Qualitative and
quantitative details of the cell-mediated immune status of the
strain are shown in Table I. Total leucocyte numbers in the
rnu' strain were 28% lower than the wild-type strain. In 10 out
of 13 athymic animals T-cells were less than 3% of the lympho-
cytes present (35% T-cells in the euthymic strain). Lymphocyte
transformation studies showed that the rnu' strain did not
respond to mitogenic stimulation with Con A. Lymphocytes
from the rnu' strain also failed to initiate a graft-versus-host
response and the host-versus-graft response was negative. In
the spleens of athymic rats, the reticular framework surround-
ing individual arterioles was grossly depleted of lymphocytes
(Fig. 1).
Bacterial growth in the kidney in the absence of
T-lymphocytes. The objective of this experiment was to com-
pare the effects of T-cell absence on bacterial growth in the
kidney after challenge with a nonlesion-inducing or lesion-
inducing inoculum. If T-cells were involved in host defenses,
this should have been evident in the results of the lesion-
inducing challenge compared to the lesser challenge. Two levels
of inoculum were therefore used, one containing 500 and the
other 5000 viable E. to/i. Host defense mechanisms in the
athymic (nude) and euthymic (control) rat groups, as judged by
the bacteriological status of the kidneys, were not affected by
the absence of T-lymphocytes (Figs. 2 and 3). In fact, the only
significant difference between the two groups was the lower
bacterial numbers found in the kidneys of nude animals 5 days
after the lesser challenge (P = 0.002, Fig. 2).
Pathological evaluation
Gross pathology. Evaluation of the renal damage in the
kidneys used in the previous experiment was carried out to
quantitate the effect of T-cell absence on the formation and
resolution of renal lesions. Each lesion was inspected individu-
ally, assessed for the total area involved (Fig. 4) and then
scored as being resolved (scarred), partially resolved, or an
active abscessed inflammatory lesion. These latter results are
compositely presented in Table 2 as the mean percentage of
total kidney surface for each type of lesion. Each kidney could
contribute to more than a single mean if it contained lesions of
more than one type. No significant differences were found at 7
and 28 days after challenge (P > 0.1) but at 14 days, lesions in
the euthymic (control) animals showed a greater degree of
resolution and involved significantly less (P = 0.004) renal
tissue than the athymic group.
Quantitative histological evaluation. Assessment of the cel-
lular infiltrate was carried out on kidneys from the euthymic
(control) and athymic (nude) strains challenged with the lesion-
inducing inoculum. Lesions developed near to the line of the
inoculum (coronal plane) and a median sagittal section of each
kidney was processed for evaluation. Representative areas of
each lesion were present, therefore, in each section. Using the
eyepiece graticule, the mean number and type of inflammatory
cells, from a representative unit area each in two lesions, were
determined. No significant differences were found between cell
counts of polymorphonuclear neutrophils, nuclear remnants,
monocytes, or the total lesioned area in sections from kidneys
of the two strains of rats (Fig. 5). Lymphocyte counts, how-
ever, from kidney lesions in athymic rats were significantly
lower (P = 0.02) than those from lesions in euthymic (control)
rats.
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Fig. 1. Sections of spleen from euthv,nic (left) andathv,nic (right) rats sho*'ing the gross reduction of peri-articu/ar lymphocyte cuffing in athymic
animals.
Discussion
These experiments have used a congenitally athymic rat,
lacking T-lymphocytes, to address the question of the role of
CMI in the host response to renal infection. This mutant (rnu1),
first described in Wellington. New Zealand, is similar to the
nude mouse and the Rowett nude rat (mu) [6, 71. All these
mutants lack body hair and the gross anatomic, histopathologic,
and immune deficits are similar in the three strains. Two levels
of challenge were used to establish renal infection in the
T-cell-deleted rats, but no significant differences in the bacte-
riological course of the disease were found over a 28-day
period. Gross and histopathological changes were also evalu-
ated quantitatively in the kidneys of normal and T-cell-depleted
animals. When compared with normal animals, lymphocyte
numbers in the kidneys of athymic rats were reduced but not
absent: other cellular components were not affected. Some
differences in the rate at which the renal lesions resolved were
found 14 days after challenge but after 28 days no differences
between the athymic and normal animals were demonstrable.
Circulating and local antibody production in urinary tract
infection (UTI) has been investigated in depth in both clinical
[14] and experimental studies [15—201. These experiments, and
their significance, have been summarized in an excellent review
of the subject by Holmgren and Smith [21]. CMI has received
much less attention as a host defense mechanism in renal
infection. This cellular component is associated more with
immunity to intracellular organisms, but became of interest
once T-cells were shown to be present in the cellular infiltrate of
pyelonephritic kidneys [2, 3]. Subsequent experiments showing
that CMI responses were depressed at a time when maximum
bacterial replication was taking place in the kidney suggested
that T lymphocytes might be involved in host defenses and were
ineffective at a crucial stage in the establishment of infection
[22, 23]. The favorable effect that cyclophosphamide had on
bacterial infection in the kidney also appeared to involve T
lymphocytes. Microorganisms persisted in the kidneys of un-
treated animals but were progressively eliminated in animals
treated with cyclophosphamide at the time of challenge. We
proposed that cyclophosphamide enhanced the CMI status of
the pyclonephritic animals through the inactivation of suppres-
sor cells as had been shown in several other experimental
systems [24, 25].
How then do we reconcile our proposals suggesting an
involvement of CMI in host defense in renal infection, with the
results of the present study. Understandably, earlier concepts
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were based on the contemporary literature and now need to be
assessed in the light of recent information. The effect of
cyclophosphamide on immune mechanisms is an example. It is
now apparent that, as well as affecting suppressor cell mecha-
nisms, cyclophosphamide also enhances phagocytic cell activ-
ity and natural cell-mediated cytotoxicity 126, 271. This finding
probably explains our results and those of other investigators
reporting an increased level of resistance to infectious disease
in animals treated with cyclophosphamide 128—31]. Thus, stimu-
lation of nonspecific host defense systems rather than an effect
on suppressor cell activity, as originally proposed, is a more
likely explanation for the cyclophosphamide observations. Sim-
ilarly, restriction of bacterial growth in the early phase of
infection now seems to be a noncellular and hence non-T-cell
event 132]. This may limit the significance of the infection-
induced suppression of CMI observed in the early stages of
renal infection [221. Along with others we recognized that much
of the early data provided indirect evidence of a role for T cells
and that more direct evidence was required. Experiments using
neonatally thymectomized animals, anti-lymphocyte globulin
and adult thymectomized and irradiated animals have all shown
that thymus-dependent mechanisms were not important in renal
infection [4, 51. However, these manipulations depleted rather
than deleted the host of T lymphocytes. The present studies,
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Fig. 4. Quantitative evaluation of the gross pathology in kidneys from
cut hymic (control) and athymic (nude) rats after a direct challenge with
5000 viable E. coli.
Table 2. Extent and type of lesions in kidneys directly challenged
with 5000 viable E. coli
Time after challenge, days
Fig. 2. Bacterial counts in the kidneys of euthymic (control) and
athymic (nude) rats following a non lesion-inducing inoculum of 500
viable E. coli.
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(days) and rat
group
Mean % of total kidney surface
Abscessed
(active)
Partially
resolved
Resolved
(scarred)
7 Euthymic
Athymic
14.6 59a (8)b
14.6 11.5 (8)
0 (0)
0(0)
0 (0)
3.0 0.0 (1)
14 Euthymic
Athymic
4.5 5.0 (2)
14.8 9.0 (6)
7.0 2.0 (5)
9.2 7.9 (5)
3.5 3.3 (6)
5.0 3.0 (3)
28 Euthymic
Athymic
2.5 0.6 (4)
3.8 2.2 (5)
11.0 4.0 (7)
14.4 7.1 (10)
5.4 3.7 (7)
4.5 2.4 (4)
a Range equals SD.
b The number in parentheses represents the number of kidneys
involved.
Time after challenge, days
Fig. 3. Bacterial counts in the kidneys from euthymic (control) and
athymic (nude) rats following a lesion-inducing inoculum of5000 viable
E. coli.
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using an athymic animal, were carried out to define the quan-
titative relationship between CMI, host resistance and paren-
chymal damage. We are now confident that a gross reduction of
CMI does not affect either host resistance, or the development
of the lesion in pyelonephritis.
One criticism could be that the lymphocyte subtypes making
up the cellular infiltrate in the renal lesion have not been
identified and that some of these cells could carry T lymphocyte
markers. We do not reject this possibility, but as there were
virtually no functional T-cells in these animals, it is difficult to
imagine how T lymphocytes could contribute to the pathologic
process; rather their presence, even if demonstrated, would
suggest a bystander role, Recent reports showing that granulo-
cytic cells, rather than lymphocytes, are responsible for the
pathologic lesions of pyelonephritis strongly support this view
[33—36].
These studies show that CMI mechanisms are unlikely to be
a critical factor in the pathogenesis of renal infection once
microorganisms have gained access to the kidney. However,
further studies will be needed to evaluate the role of T lympho-
cytes in extra-renal events leading to the establishment of
infection.
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